Abstract-This paper proposes a dual-mode wide-band bandpass filter using the microstrip loop resonators with tuning stubs. The filter is based on microstrip loop resonator consists of four identical branches and each branch is a microstrip open-loop element. The introduction of two outer tuning stubs connecting opposite to the ports widens the passband and sharpens the stopbands. The microstip loop resonator have a wide stopband resulting from the dispersion effect and the slow-wave effect. The filter is designed at center frequency of 2.35GHz and simulated by IE3D. The measurement of fabricated structure proposes 36% bandwidth and 0.28dB insertion loss.
I. INTRODUCTION
In microwave communication systems, the bandpass filter is an essential component, which is usually used in both receivers and transmitters. Thus, the quality of bandpass filers is extremely important. Planar filters are currently a popular structure because they can be fabricated using printed circuit technology and are suitable for commercial applications due to their small size and lower fabrication cost [1] . Therefore, how to design a bandpass filter at low cost and with high performance is currently of great interest. Microstrip bandpass filters can be easily mounted on a dielectric substrate and can provide a more flexible design of the circuit layout. The dualmode resonators filters have been known for years. The compact high performance microwave bandpass filters are highly desirable in the wireless communications systems. Consequently, the dual-mode filters have been used widely for the system because of their advantages such as small size, light weight, low loss and high selectivity. Many authors [2] - [4] have proposed the wide-band bandpass filters using dualmode ring resonators with tuning stubs but the configurations still occupy a large circuit area, which is not suitable for wireless communication systems where the miniaturization is an important factor. Therefore, it is desirable to develop new types of dual-mode microstrip resonators not only for offering alternative designs, but also for miniaturizing filters. On the other hand, the modern wireless communication systems require the bandpass filters having effective out-of-band spurious rejection and good in-band performance. The resonators with reasonable spurious are required to meet the out-of-band requirements. The microstrip open-loop resonators have a wide stopband resulting from the dispersion effect and the slow-wave effect [5] , [6] . 
II. BANDSTOP CHARACTERISTICS
The microstrip loop resonator with direct-connected feed lines on the orthogonal depicted in Fig. 1 is a bandstop configuration. The resonator consists of four identical branches with a small square patch attached to an outer corner of the square loop. The bandstop filter is designed at fundamental resonant frequency 0 f = 2.35 GHz and fabricated on a RT/Duroid substrate having a thickness h = 1.27 mm with relative dielectric constant r = 6.15. The filter was designed and simulated by IE3D program [7] . The dimensions of the loop are f l = 8 mm, s = 0.715 mm, 1 w = 1.85 mm, [7] . Fig.3 presents the simulation results of the microstrip loop using direct-connect orthogonal feed lines and the frequency response exhibits bandstop behaviours.
III. TWO TUNING STUBS FOR A SIGLE-MODE BANDPASS
FILTER Based on the structure [6] , a single resonator is modified in this paper by adding two tuning stubs connecting opposite to the ports as in Fig. 4 . The length of tuning opened-stub is response Fig. 6 . The introduction of two outer tuning stubs connecting opposite to the ports widens the passband and sharpens the stopbands. The single-mode filter exhibits insertion loss better than 0.26 dB and return loss greater than 12.6 dB in the passband.
In fact, this approach can be interpreted as using two stopbands induced by two tuning stubs in conjunction with the wide passband. In some cases, an undesired passband below the main passband may require a high passband section to be employed in conjunction with this proposing approach.
IV. DUAL-MODE BANDPASS FILTER
By observing the frequency response in Fig 6, the two stopbands for lower sideband and higher sideband of the filter propose a narrow bandstop. Based on a dual-mode can be used to improve the narrow stopbands. A square perturbation stub inner corner the loop resonator in Fig. 7 . The square stub perturbs the fields of the loop resonator so that the resonator can excite a dual-mode around the stopbands in order to improve the narrow stopbands. By increasing the size of the square stub, the stopband bandwidth between two modes is increaded. The length of the square stub is p w 1 mm. The implemented of dual-mode resonators filter is pictured in Fig. 8 . The frequency response of the filter is portrayed in Fig. 9 validating the agreement of simulation and measurement results. The 3-dB fractional bandwidth of the filter is 36%, the insertion loss is better than 0.28 dB and the return loss is greater than 15 dB in the passband. The measurement of wide-band response of the dual-mode filer with outer tuning stubs is shown in Fig. 10 .
The measurement of wide-band response is shown in Fig.  10 . Unlike the conventional structure of the wide-band filters using dual-mode ring resonators with tuning stubs, the filter exhibits a wide stopband due to four identical branches at the outer corner of the square loop and proposes the first spurious resonance frequency of the dispersion effect.
V. CONCLUSIONS A dual-mode wide-band bandpass filter using the microstrip loop resonators with tuning stubs is proposed here. The microstrip loop resonator consists of four identical branches and each branch is a open-loop microstrip element. The introduction of two tuning stubs widens the passband and sharpens the stopbands. The filter is designed 2.35 GHz and proposes 36% bandwidth with 0.28 dB insertion loss and return loss greater than 15 dB. The measurement results agree well with the simulation but small residual errors exist due to fabrication errors.
